The bovine lentivirus, also known as the bovine immunodeficiency-like virus (BIV), causes a persistent viral infection in cattle, but at present, it is unknown if it causes clinical disease or clinical immunodeficiency in cattle. Only a single epidemiological study has been reported with BIV, and this study associated a decreased milk yield in cows with BIV. 4 In order to test whether BIV causes disease in cattle, a reliable diagnostic test to determine if cattle are infected with BIV is critical. A good diagnostic test should be specific, sensitive, and inexpensive and provide results quickly. However, none of the currently described BIV tests fit all of these categories. Serological tests have been the most commonly used diagnostic tests for BIV. However, loss of antibody to BIV proteins in experimentally infected cattle that are persistently infected with BIV has been reported. 3, 7, 9, 10, 14 The loss of antibody to the p26 gag antigen, the most important antigen for detection of BIV in western blot tests and in some ELISA tests, can result in an animal considered to be uninfected with this virus even when virus can be demonstrated by both PCR and virus isolation. 8, 10, 15 Virus isolation of BIV from naturally infected cattle remains difficult, with only 3 reported virus isolations. 2, 11, 13 Viral diagnosis by PCR has been shown to be a sensitive diagnostic test in other viral systems, and although 5 PCR tests have been published for the detection of BIV, their sensitivity and specificity have not been compared. 5, 6, 10 The purpose of this paper is to provide a comparison among the currently described PCR tests with standardization of some of the PCR conditions. Three different reports describe a total of 5 different PCR tests (Table 1) . 5, 6, 10 For all 5 tests, a total of 39 different templates were used with 0.5 g of DNA per reaction ( Table  2 ). The DNA was extracted from samples by either SDSproteinase K digestion with phenol chloroform extraction 10 or by salt precipitation. a The same PCR buffer, b 200 mM dNTPs, b 20 pmol of each primer, and 1.25 units Taq polymerase b in a 50-l reaction buffer were used for each PCR test. Different MgCl 2 levels and temperature cycling conditions were used for the different PCR tests according to the published procedures. HotStart techniques, when used, were accomplished with MgCl 2 -impregnated wax beads. c The PCR product was separated in a 1.5% agarose gel with ethidium bromide and electrophoresed at 150 V for 45 min. The reaction was determined to be positive or negative based on product of the appropriate size being visible on UV exposure.
Samples were subdivided into 4 groups, including cell culture isolates; white blood cell (WBC) samples from experimentally infected cattle; WBC and lymph node samples from field cases; and control samples consisting of uninfected fetal bovine lung cells, preinoculation WBC sample from calf 1275, and bovine leukemia and bovine syncytial virus infected cell culture samples ( Table 2 ). One diagnostic test that is considered a ''gold'' standard for BIV infection is not available; therefore, determination of the true specificity and sensitivity of the different PCR tests is not possible. For this discussion, we only compare the PCR test results when reasonable comparisons can be made.
Comparison of the specificities of the different PCR tests was done with isolates from cell culture with evidence of cytopathic effect, because virus is believed to be at much higher levels in these cell culture samples than in WBC samples. Only three independent BIV samples are widely available for use, including R29-derived samples, FL491-derived samples, and FL112-derived samples. 3, 11 In the 7 cultured isolates included in this study, 3 were R29-derived samples, 3 were FL112-derived samples, and 1 was a FL491 sample. Four of the PCR tests yielded product from all 3 groups, although differences in sensitivity were apparent with the FL112 isolates. The SND gag test was unable to amplify the 
FL491 isolate, and therefore had the lowest specificity (Table  2) . Sensitivity was evaluated from samples that should have been amplified with the different primer sets. These included only samples from animals that had been experimentally inoculated with the R29, FL112, or FL491 isolates, a total of 7 samples. The DLS nested pol and env PCR tests amplified all 7 of the samples. The JWN pol test did not amplify any of the samples, and the SND pol test amplified 3 of the samples. The SND gag test also amplified 3 of the samples, but it must be considered that the gag primers were unlikely to amplify the FL491-derived isolates, because these primers did not amplify FL491 in the cell cultured sample (Table 2) .
Overall, the DLS nested env test amplified the most samples from all sources and had high specificity and sensitivity using the conservative parameters defined in this study. However, false positives cannot be totally dismissed, since the PCR product was not confirmed as being specific by a technique such as Southern blot hybridization. The DLS nested pol test also had high sensitivity and specificity, but it detected fewer of the unknown samples. The JWN pol test performed poorly, with good specificity, but poor sensitivity, and it only identified one of the unknown samples. The SND pol test had good specificity but lower sensitivity than the nested PCR tests, and it amplified none of the unknown samples. The SND gag test had the poorest specificity, with better sensitivity than the SND pol test, and it amplified several of the unknown samples that were not amplified by any of the other tests ( Table 2) .
The purpose of this study was to compare the different PCR tests for BIV with a variety of samples. No single test method was able to amplify all samples thought to be positive. With no definitive ''gold'' standard to identify BIV infection, it is not possible to unequivocally determine what samples were truly positive and negative. A positive identification of BIV infection was made with the cultured isolates and with many of the experimentally infected cattle with the use of sequence data of the cultured isolates and serologic conversion of cattle infected with the cultured isolates. 1, 9, 10, 12 However, the remainder of the samples, with one exception, had equivocal test results to confirm infection status. There was also strong evidence to confirm the BIVpositive status of the OK-94 sample. Serological evidence of infection based on western blot was obtained from several sample dates (data not shown), and sequence data of PCRamplified DNA from the pol and env gene regions confirm that the animal was infected with BIV. 12 This sample remained unculturable, however, even after several virus isolation attempts. Three of the different PCR tests identified this sample as BIV positive from 1 sample date, and on a later retest, 2 of the tests were positive.
Modifications that were used with 3 of the tests to standardize the amplification conditions could have affected the sensitivity and specificity of the tests. These modifications were thought necessary to simplify the tests. Therefore, the results obtained can only be considered an approximation of the original tests, and these factors need to be included in the interpretation of the results.
Sensitivities of the different test methods need to be addressed. Both the nested PCR test and the SND PCR tests used Southern blot hybridization to confirm PCR results, and the SND PCR tests relied on hybridization to increase the sensitivity of the tests. The hybridization step was not included in this study, and the poor sensitivity observed with the SND PCR tests may be overcome with the use of Southern blot hybridization.
Test results observed in this study do not support a single PCR test as being an ideal diagnostic test for BIV. The DLS nested env test seemed to provide the most comprehensive test results, but apparently positive samples were missed with this method. Considering the high mutation rate that has been observed in lentiviruses and the high sequence divergence seen with BIV in particular, it seems unlikely that a single set of PCR primers in a PCR test could amplify all BIV isolates in nature. The combination approach of using multiple PCR tests to reduce the number of false negatives appears to be the best strategy at this time. Paradoxically, the PCR test with the broadest apparent specificity was the DLS env PCR test and not one of the pol PCR tests. Sequence homologies among BIV isolates are much higher in the pol region than in the env region, 12 and it would be expected that pol primers would identify more field isolates than the env PCR test. The isolation and/or sequencing of new isolates will continue to aid in the selection of primers with a high probability of amplifying most BIV-positive samples. Sensitivity appears to be a major concern in several of the PCR tests used. The limited data presented in this study support the use of a nested PCR test to enhance sensitivity. To avoid false negatives using a single-step 35-40cycle PCR test, a confirmation method that improves sensitivity, like Southern blot hybridization, must be used.
Because of the observed loss of antibody in experimentally infected cattle, the use of a test that directly identifies the BIV genome is still recommended over serological tests to positively identify infected animals. Further research is needed to improve serological tests so that cattle infected at any stage of BIV infection can be identified. Such tests would greatly aid research into the pathogenesis of BIV. At the present time the combination of serological and PCR tests is necessary to adequately identify most BIV-infected animals. 9. Smith HE, Jacobs RM, Mallard B: 1994, Cell mediated and humoral immunity in sheep exposed to bovine immunodeficiency-like virus. week's duration. Physical examination revealed pale mucous membranes, splenomegaly, tenderness in the cranial abdomen, and enlargement of both tonsils and one axillary lymph node. A fecal examination was negative for parasites; however, blood was observed in the stool. Hematologic evaluation was unremarkable except for a mild, normochromic, normocytic, nonregenerative anemia (PCV 36%; mean corpuscular volume, 71 fl). Serum biochemistry abnormalities (Table 1) included mild elevations in amylase (2,860 U/liter), lipase (537 U/liter), alanine transferase (ALT; 75 U/liter) and alkaline phosphatase (ALP; 118 U/liter). The animal experienced a transient improvement in appetite and attitude with administration of amoxicillin a (11 mg/kg, PO, q12h), however, it became increasingly depressed and was reevaluated 9 days later. Clinical findings at this time included a painful, swollen, cranial abdomen, hepatomegaly, and splenomegaly. A recheck of the complete blood cell count (CBC) and serum biochemistries revealed a similar anemia (Table 1) , mild leukocytosis (17,700 cells/ul), and mild increases in ALT (149 U/liter), ALP (221 U/liter), and aspartate aminotransferase (AST 173 U/liter). A voided urine sample was grossly icteric, and a urinalysis revealed a specific gravity of 1.040, pH 6.5, 4ϩ proteinuria, 3ϩ bilirubinuria, and mild hematu-ria. Intravenous fluid therapy was initiated and cephalexin b (22 mg/kg, PO, q12h) was administered. Abdominal radiographs and ultrasonograms confirmed the presence of hepatomegaly and splenomegaly, as well as marked enlargement of the mesenteric lymph nodes (2-5 cm in length). Lymphoma was the presumptive diagnosis, and the dog was euthanatized several days later because of its rapidly deteriorating condition.
A partial necropsy was performed, and specimens of liver, spleen, mesenteric lymph node, and small intestine were submitted for histologic evaluation. Examination of the liver revealed multifocal, discrete aggregates of large, foamy macrophages replacing up to 50% of the hepatic parenchyma ( Fig. 1 ). Variably sized infiltrates of similar macrophages, occasionally admixed with lesser numbers of lymphocytes, were present throughout the spleen, thickening the lamina propria and submucosa of the small intestine and replacing more than 90% of the mesenteric lymph node architecture. Periodic acid-Schiff (PAS) and acid-fast (Ziehl-Nielsen) stains demonstrated high numbers of moderately PAS-positive, strongly acid-fast intracytoplasmic bacilli within macrophages (Fig. 2) . Although no cultures were taken at necropsy, a polymerase chain reaction and subsequent hybridization of the amplified product using a DNA probe on formalin-fixed tissue from the liver identified Mycobacterium avium (Division of Microbiology, Department of Infectious and Parasitic Diseases, AFIP, Washington, DC).
Approximately 2 months later, a female littermate to dog 1 (dog 2) was examined at another veterinary hospital with clinical signs of weakness, lethargy, hematochezia, a mild submandibular lymphadenopathy, and shifting leg lameness. A fecal examination for intestinal parasites and a Lyme disease titer were both negative. Serum biochemistry abnormalities (Table 1) included mild elevations in creatine phosphokinase (CPK; 369 U/liter), lactate dehydrogenase (LDH; 629 U/liter), ALP (186 U/liter), albumin (3.8 g/dl), and a
